4 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 t? 

11 ^ 

w 

12 iru 

13 iR 

14 , 

M 

1 H 

2:1 



CLAIMS 

We claim: 

\1 . An apparatus for the real-time, in-line testing of a 
semiconductor wafer during semiconductor processing, said apparatus 
comprising : 

head assembly comprising: 

a modulated light source exposing at least a portion of 
said semrconductor wafer to light of a predetermined wavelength and 
modulated at: a predetermined frequency; and 

a voltage sensor detecting a surface photovoltage induced 
at the surface\of said semiconductor wafer in response to said 
light from said \iodulated light source without contacting said 
wafer; and 

a conveying apparatus conveying said wafer adjacent said 
voltage sensor of said\head assembly during said semiconductor 
processing . 

2 . The apparatus of clla^m^"^ wherein said wafer and said head 
"asrs.embly are in cont-inuous-relatiSve motion during said detection of 
said surface photovoltage by said Voltage sensor. 



1 3 . The apparatus of claim 1 whereih. said head assembly has a 

2 longitudinal axis and the orthogonality iof said longitudinal axis 

3 of said head .as_s_e.mb.ly. with respect to said \urf ace of said wafer is 

4 adjustable. 
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4\ The apparatus of claim 3 wherein said orthogonality of said 
longitudinal axis is adjustable manually by set screws. 



1 
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5. TheNapparatus of claim 3 wherein said orthogonality of said 
longitudirfal axis is adjustable automatically by actuators. 
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6. The apparatus of claim 2 wherein said head assembly is 
stationary and s\aid wafer is moved continuously relative to said 
head assembly. 



7 . The apparatus of \laim 6 wherein said conveying apparatus ii 



2M a conveyor belt 



Mi 

llU 8 



The apparatus of claim 
2 if] a robotic arm. 



lejrein said conveying apparatus is 



lfl). 9. The apparatus of claim 6 wherein- said conveying apparatu 

asp 

2l d a wafer chuck. 



S IS 
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10. The apparatus of claim 9 wherein sai\ wafer chuck is insulated 
from said wafer and is grounded. 
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11. The apparatus of claim 6 wherein said \onveying apparatus 
conveys said wafer beneath said voltage sensor of said head 
assembly. 
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12 A The apparatus of claim l wherein said conveying apparatus is 
biased by a DC voltage. 



1 
2 



13. The\ apparatus of claim 12 wherein said bias DC voltage is 
substantially between -1000 and 1000 volts. 
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14. The apparatus of claim 1 wherein said conveying apparatus 
conveys said wa\er above said voltage sensor of said head assembly. 
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15. The apparatusW claim 1 further comprising: 

a light splitting device positioned between said modulated 
light source and said Wer, said light splitting device passing a 
first portion of said \odulated light from said modulated light 
source onto said wafer; a\nd 

a position photodiode W^tioned to receive light reflected by 
said wafer and reflected /4\aid light splitting device, 

said position pho/o£ipd\ -producing' a location signal in 
response to said wafer reflecting said modulated light. 



16. The apparatus of claim 15 wherein .said light splitting device 
is a beam splitter. 
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■17... The apparatus of claim 15 -wherein \aid position photodiode 
detects the edg e_of s aid waf e ,r_by_said-r^lected light and. said 
voltage sensor measures said surface photov\ltage in response to 
said location signal. 
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1 18. \ The apparatus of claim 15 further comprising a collimating 

2 lens \ollimating said modulated light from said modulated light 

3 source. 

1 19. The apparatus of claim 18 wherein said collimating lens is 

2 positioned between said modulated light source and said light 

3 splitting devic 



1 20. The apparatus \pf claim 1 further comprising: 

2 a position sensor providing electrical signals in response to 

3 to the position of saicsl head assembly relative to said wafer; and 

4 ^ a head assembly positioner moving said head assembly toward 

•ft. \ 

5 ;^ and away from said wafer inyresponse to electrical signals received 

6 rU from said position sensor indicating the position of said head 

7 If! assembly relative to said wafe^ 



1 f§ 21. The apparatus of cli±m4^6\ wherein said position sensor 

2 comprises at least one position \electrode and said surface 

3 n photovoltage sensor comprises a surface photovoltage electrode in 

4 electrical communication with a surface Photovoltage preamplifier. 



1 22. The apparatus of claim 21 wherein said surface photovoltage 

2 electrode is connected to said surface photovoltage preamplifier by 

3 at least one flexibl e cont act 



1 23. The apparatus of claim 21 wherein an approximately 70 kHz 

2 signal is supplied to said at least one position electrode. 
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1 24. The apparatus of claim 1 wherein said modulated light source 

2 is a light emitting diode (LED) . 

1 25. The apparatus of claim 24 wherein said modulated light source 

2 is modulated\at approximately 40 kHz. 

1 26. The apparatus of claim 21 further comprising: 

2 an insulatoA having a first side and a second side and at 

3 least one side walY connecting said first side and said second 

4 side, \ 

5 wherein said surface photovoltage electrode is deposited upon 

G \ 

6 ^ the first side of said insulator. 

1 ?^ 27. The apparatus of/claAm 26 wherein a contact electrode is 

2 WI deposited on said seqona s\de of said insulator, said contact 

3 electrode in electrical communication with said surface 
%J . \ . ■ 

4 CO photovoltage electrode by conductors* deposited on said side wall 
H \ 

5 between said contact electrode \ and said surface photovoltage 




electrode . 



1 28. The apparatus of claim 26 wherein said surface photovoltage 

2 electrode is covered with a thin insulated coating. 

1 29. The apparatus of claim 28 wherein said thin insulating coating 

2 is thinner than the distance between the voltage electrode and said 

3 wafer during said detection of said surf ace Nphotovoltage . 
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1 30. Vhe apparatus of claim 21 further comprising: 

2 an\ insulator having a first side and a second side and at 

3 least one\ side wall connecting said first side and said second 

4 side, 

5 wherein ^teaid at least one position electrode is deposited upon 

6 said first sida of said insulator. 



1 
2 
3 
4 



5 



6 iFI 



7 m 



2 



31. The apparatusv of claim 30 wherein at least one contact 
electrode is deposited on said second side of said insulator, said 
at least one contact electrode in electrical communication with a 
respective one of sai<$ at least one position electrode by 
conductors deposited on s^id side wall between each said at least 
one contact electrode and sas^d respective one of said at least one 
position electrode. 



32. The apparatus of claijh^'O wherein said at least one position 
electrode is covered witri/a thin iiteylated coating, 



-33— — The— apparatus of., claim 20 f ur the rVcomp rising : 

a computer comprising a data acquisition circuit and a 

position control circuit; 

a position measuring circuit in electrical communication with 
-said data acquisition circuit and in electricdSJ. communication with 

said position sensor; and 

a surface photovoltage measuring circuit in electrical 

communication with said data acquisition circuity in electrical 
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9 communication with said modulated light source and in electrical 

10 communication with said surface photovoltage sensor, 

11 said head assembly positioner moving said head assembly toward 

12 and away from kaid wafer in response to signals from said position 

13 control circuit \ generated in response to said signal from said 

14 position measuring circuit, 

15 said computer cletermining electrical characteristics of said 

16 wafer in response to skid signals acquired by said data acquisition 

17 circuit from said surface photovoltage measuring circuit. 
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34. The apparatus of cla^.m 33 wherein said position measuring 
circuit comprises : 

a lock-in amplifier having an input terminal, a reference 
terminal and an output terminal; and 

an oscillator in electricalX communication with said position 
sensor and in electrical comntinicaDion with said- reference terminal 
of said lock-in amplifier, 

said position sensor in electrical communication with said 
inpu-t^te^inai "Of sa-idrijock-in -ampldf i^rx: 



said output terminal of said lock-m amplifier in electrical 
communication with said data acquisition circuit. 



1 35.;. ..The apparatus _of claim 33 wherein said \purf ace photovoltage 

2 measuring circuit comprises: 

3 a lock- in amplifier having an input terminal, a reference 

4 terminal and an output terminal; and 
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5 an oscillator in electrical communication with said modulated 

6" light source\and in electrical communication with said reference 

7 terminal of saad lock-in amplifier, 

8 said voltage sensor in electrical communication with said 

9 input terminal oft said lock-in amplifier; 

10 said output terminal of said lock- in amplifier in electrical 

11 communication with said data acquisition circuit. 

1 36. The apparatus of claim 35 wherein said surface photovoltage 

2 measuring circuit further comprises said position sensor in 

3 electrical communication w^th electrical ground. 



37. The apparatus of claim Afurther comprising a corona source 
charging said wafer to f orblai/ inversion layer prior to moving said 

:ace photc 



*"4 \J \ 

3^ wafer adjacent said surface photovoltage sensor. 
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38. The apparatus of claim 37 whereiia said corona source comprises 
a control loop to prevent the overcharging of said wafer. . 

39. The apparatus of claim 37 furtheV comprising a charge 
neutralizing device for discharging said wasfer after said voltage 
sensor has measured said surface photovoltage 



1 40. A method for the real-time, in-line testing o>f a semiconductor 

2 wafer during semiconductor processing, said metho^ comprising the 

3 steps of: 
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4 conveying said wafer such that a surface of said wafer is 

5 substantially parallel to a surface photovoltage electrode of a 

6 head assembly\during said semiconductor processing; 

7 exposing at least a portion of said semiconductor wafer to 

8 light of a predetermined wavelength and modulated at a 

9 predetermined frequency; and 

10 detecting witlV said surface photovoltage electrode a 

11 photovoltage induced at the surface of said semiconductor wafer in 

12 response to said light Vrom said modulated light source. 



41. The method of claim 4(1 further comprising the step of forming 



2 O an inversion layer at saidXwafer surface prior to exposing said 



wafer to said light of a predetermined wavelength. 
1 if! 42. The method of cld^ym 41 ^herein said step of forming an 



s .a 

FfJ 

,\ r. 



2 s inversion layer is accomplished b\ applying a corona to said wafer 

3 m prior to conveying said wafer su)ch* that said wafer surface is 



4 substantially parallel to said surface photovoltage sensor of said 



5 H head assembly . 



1 43. The method of claim 42 further \ comprising the step of 

2 controlling the charging of said wafer by\ said corona in response 

3 to a potential measured on said wafer. 

1 44. The method of claim 41 wherein said \step of forming an 

2 inversion layer is accomplished by applying a high voltage to said 

3 surface photovoltage sensor once said wafer is conveyed such that 
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4 said waf er\ surface is substantially parallel to said surface 

5 photovoltage ^sensor of said head assembly. 

1 45. The method \of claim 41 wherein said step of forming an 

2 inversion layer isNaccomplished by exposing said wafer to hydrogen 

3 fluoride prior to conveying said wafer such that said surface of 

4 said wafer is substa\tially parallel to said surface of said 

5 photovoltage sensor of ^aid head assembly. 



t. Hi 

ry 

■•4 

=P 



4 l 

5 CO 

6 N 

7 H 
8 

9 
10 
11 
12 
13 



46. The method of claim 45\wherein said wafer is a p-type silicon 
wafer. 

47. A method for trie r4al- time , Vn- line testing of a semiconductor 
wafer during semiconductor processing, said method comprising the 
steps of: 

moving said wafer until said waf4r crosses a beam of intensity 
modulated light from an LED in a head Assembly; 

repeatedly measuring the light reflected by said wafer until 
the difference between sequential values i^ less than substantially 
5%; 

exposing said wafer to a modulated^ light beam of a 
predetermined wavelength and frequency; 

measuring a surface photovoltage signal prbduced in response 
to said modulated light beam with a surface photovoltage electrode; 

measuring capacitance signals from position Electrodes ; and 
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14 if capacoNtance signals from different position electrodes 

15 differ by more Vhan substantially 5%, not recalculating previous 

16 values of said surface photovoltage signal; and 

17 if capacitanc^ signals from different position electrodes 

18 differ by less than Substantially 5% recalculating previous values 

19 of said surface photovoltage signal. 

1 48. A method of restoring a doping concentration at the surface of 

2 a wafer by exposing said vmfer to a high intensity illumination. 
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49. The method of claim \8 in which said high intensity 
illumination is provided by a 2p0 W halogen light source 

(V 

50. An apparatus for\^fhe real-time, in-line testing of the front 
surface and the back surface of \a semiconductor wafer during 
semiconductor processing, said apparatus comprising: 

two head assemblies, each head assembly comprising: 

a modulated light source exposing at least a portion of 
v said semiconductor wafer to light of a predetermined wavelength and 
modulated at a predetermined frequency; ai 

a surface photovoltage sensor defecting a photovoltage 
induced at the surface of said semiconductor Wafer in response to 
said light from" said modulated light source without contacting said 
wafer; and 

a conveying apparatus conveying said waf er\ such that each 
respective surface of said wafer is parallel with the surface of a 
respective one of said surface photovoltage sensors Such that said 
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15 surface ^otovoltage sensor of one head assembly measures said 

16 surface photovoltage induced on one surface of said wafer and said 

17 surface photovoltage sensor of the other head assembly measures 

18 said surface photovoltage induced on the other surface of said 

19 wafer. 



1 51. The apparatus of cQ.aim 50 wherein said wafer and said head 

2 assemblies in continuous WlatiVe motion during said detection of 

3 said surface photovoltage (oyCsaid surface photovoltage sensor. 



3 




7 
8 
9 
10 
11 
12 



52. The apparatus of claim 51 wherein said surface photovoltage 
induced in each surface of saicrv wafer is measured by said 
respective head assembly substantiallyysimultaneously . 

53. A senti^onductor wafer fabrication system comprising: 
a sealed Chamber for processing said semiconductor wafer; and 
a head assem£>iy comprising: 

a modulateck light source exposing at least a portion of 
s^id_s.emi.co.ndu at or_wa f er^-t o~l i gh t -of -a- p r e d e t e rmi-n e d-w a-ve-l-e ng t h ,and 
modulated at a predetermined frequency; and 

a surface photovoltage sensor detecting a surface 
photovoltage induced at the surface of said semiconductor* wafer in 
response .to said light from said\nodula_ted light source without 
contacting said wafer, 

said surface voltage sensor of sXid head assembly located 
within said sealed chamber, 
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54. The semiconductor wafer fabrication system of claim 53 where; 
said sealed chamber is a reduced pressure chamber. 



1 55. The semiconductor wafer fabrication system of claim 53 wherein 

2 said sealed chamber isr^^hemically^teactive gas chamber. 

1 56. The semiconductor w^ier fabrication system of claim 53 wherein 

2 said sealed chambe*^ is an inert environment chamber. 
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57, TJieTsemiconductor wafer fabrication system of claim 53 wherein 
head assembly is entirely located within said sealed chamber. 

58. A method fW correcting for the intensity of light absorbed by 
a wafer comprising the steps of: 

exposing a ref\ective surface having a known reflectivity to 
a light of a predetermined wavelength and modulated at a 
predetermined frequency^ 

measuring the intensity of said light reflected by said 
reflective surface;"" " 

exposing said wafer tcK sa^d light of a predetermined 
wavelength and modulated at W predetermined frequency; 

measuring the intensity of sai& light reflected by said wafer; 
comparing the intensity of ligttt reflected by said wafer to 
the intensity of light reflected by sard reflective surface having 
said known reflectivity; 

using said comparison of the intensit\ of light reflected by 
said wafer to the intensity of light reflected by said reflective 
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16 surf ace \ having said known reflectivity to correct for said 

17 absorptior 
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59. A method for measuring surface charge in a semiconductor wafer 
during semiconductor processing, said method comprising the steps 

Of: 

conveying s^id wafer such that a surface of said wafer is 
substantially para\lel to a surface photovoltage electrode of a 
head assembly during\said semiconductor processing; 

exposing at leasts, a portion of said semiconductor wafer to 
light of a predetermined wavelength and modulated at a 
predetermined frequency ; 

detecting with said surface photovoltage electrode a surface 
photovoltage induced at the surface of said semiconductor wafer in 
response to said light from sadM^modulated light source; and 

calculating the surf ace J c^h^rge density from said induced 
surface photovoltage 

60. A method for measuring doping concentration in a semiconductor 
wafer during semiconductor processing, aaid method comprising the 
steps of: 

creating an inversion layer in said water; 

conveying said wafer such that a surf ate of said wafer is 
substantially parallel to a surface photovolt\qe electrode of a 
head assembly during said semiconductor processing 
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8 ext)osing at least a portion of said semiconductor wafer to 

9 light of\ a predetermined wavelength and modulated at a 

10 predetermined frequency; 

11 detecting with said surface photovoltage electrode a surface 

12 photovoltage induced at the surface of said semiconductor wafer in 

13 response to said\light from said modulated light source; and 

14 calculating kaid doping concentration from said induced 

15 surface photovoltage\ 



1 
2 

s s a 

5 ry 

6 111 

7 a 

8 3 



10 
11 
12 
13 
14 
15 



61. A method for measuring carrier lifetime in a semiconductor 
wafer during semiconductor* processing, said method comprising the 
steps of: 

forming an inversion flfc^er at a surface of said wafer; 
conveying said wafer ^ucl\ that said surface of said wafer is 
substantially parallel to a surface photovoltage electrode of a 
head assembly during said semiconductor processing; 

exposing at least a portion Vf- said semiconductor wafer to 
light of a predetermined wavel\ngth and modulated at a 
predetermiried~f requency ; 

detecting with said surface photovoltage electrode a 
photovoltage induced at the surface of said semiconductor wafer in 
response to said light from said modulated \-ight source; and 

calculating said - carrier lifetime concentration from said 
induced surface photovoltage.. 
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1 62. \A method for measuring conductivity type in a semiconductor 
wafer during semiconductor processing, said method comprising the 

3 steps of 

4 forming ^inversion layer at a surface of said wafer; 

5 conveying sa\^d wafer such that said surface of said wafer is 

6 substantially parallel to a surface photovoltage electrode of a 

7 head assembly during sadd semiconductor processing; 

8 exposing at least aNportion of said semiconductor wafer to 

9 light of a predetermine\yravelength and modulated at a 
10 predetermined frequency,- 

detecting with said s^TrfW photovoltage electrode a 
p photovoltage induced at the surface\ said semiconductor wafer in 
response to said light from said modulated light source; and 

calculating said conductivity from^said induced surface 

15 M photovoltage. 

Sri 
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